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1 
This invention relates generally te signal 
translating devices, and particnlarly relates te 
amplifier, modulator, oscfllator or th_e like s.ys- 
tems which incorporate a semi-condu_ct0r .devce. 
The interaction of radiation and_ marrer, and 
th interaction oï energized particles ith tle 
marrer through which they pass, hve en 
studied exte_nsively in the past. If is round that 
the conducting properties of insulating and sem- 
conducting materials are mofid hen sub- 
jected te irradiation or corpuscular bomba.r_d.- 
ment. The changes in c0nducting pr0per.t.ies ._my 
be transient, with the material r_eturng t0 its 
normal condition very soon aîter the irr.a_d.ia, ti.on 
or bombadment ceases, or the chges in 
ducting properties are moe la_sting, th0u_gh 0t 
permanent, and are round te be s_ubequ.e.t.ly 
affected by heat treatment, .or, flna.l!y, t.he 
changes in the conducting prppm_'tes .are .of a. 
permanent nature, being unaffected by he.at 
ment. 
These effects bave reeentiy be_en .ut.iz.e.d ex- 
te_nsively in the developme.nt of _cryta! ç0unters. 
The main emphasis bas been on the development 
of materials and associated c_ircuit mea _n..whch 
.enables the passage of a nuclear prtc!e, such as 
an alpha, beta, or gara_ma ay, te be de.teçte.d by 
the current pu!se produced by the _interact!0n of 
the nuclear particle or photon with the CTSt.al 
through which it pases, Ins!at.ing cry.stals, 
semi-conductors and se_rni_'-cOdct0r-P0_int, con- 
tact rectifiers (tVcKay) phy..s. Rev,, .Novem.ber _15, 
1949, page 1537, vol. 76 bave been used for 
purpose. 
The permanent changes in the mater.i,_al _limit 
the useful lire of crystal eonters. 
The effects of electron bo.mb.ardmen_t on t.h!n 
insulating films using electr0ns n he kflovolt 
range bave been studied by Pensak (Phys..Rev., 
vol. 75, February 1, 1949, pages 72-4.78). 
finds that under the influence of the e!ectç.on 
beam, the conductivity of the film s inçrease.d. 
If is believed that the ie_esed condct_iv_iy 
can be attributed te the proç!c.tion of intern! 
secondary electr0n.s by tle pr_mary 
bea_ra. The primary electron le.ses energy as 
passes through the i.ns. ulang film, and his 
energy is presumably .used, in part, .te raise e!ec- 
trons from the filled te .the conduction bnd. 
Thus, the production of additional current car- 
tiers is refiected in an increased conductivity of 
the film. 
tVcKay bas bombarded diamond crystals with 
kilovolt electrons and observed electron bom- 
bardment induced conductivity, Iter.e too, the 

2 
production of interna! sec0ndary e!ec.rons by the 
action of the primary elect.ron beam s beli.eved te 
be, in part, responsible fo the indçed çonduc- 
tivity. The conductivity may lso be enhanced 
 by the pr0duction of _hol.e, which 'es_t .fr0m 
the tra-.fer of electr0ns .frein the fl!led te the 
conduction hand. e also obs.erved spaçe chare 
effetS due te th_e trapping of electron.s and ho!es 
wch re_du_ced his_ e!ectron bembardment COn- 
10 duçivity after the .iti.a! ex.citaton by t!e elec- 
trou beam, 
Thus me sec tat one method Of varying the 
ço.nducting pr0pertie o an i-..u!ating or semi- 
condu_etng mate.rial may be reg_arded s due te 
15 the production of internal secondary electrons 
and of .holes, which provide additional current 
carriers. Another method oî var.ying the con- 
ducting pr0Perties of an insulating or semi- 
c0nducting material involves the interaction of 
20 'elecrons and holes with a potential barrier 
which may happen te exist in the materia!. A 
pote_nf!al barrier may be described as a region, 
extending over many inter-atomic distances, 
which .bas a higher resistivity than the bulk 
.5 material. 
The larger resistance, or impediment te cur- 
rent flow, that a barrier prodes, is caused by 
the fact that a charge carrier such as a h0!._e or 
an electron possessing a certain amount of total 
30 energy gains potential energy and loses a cor- 
responding amount of kinetic energy as it 
tempts te surmount the potential barrier if al! 
the kinetic energy is expended belote the charge 
carier veaches the peak of the barrier, if is un- 
35 likely that the charge carrier wil! pass through. 
The potential barrier ma_y be approximately 
symmetricai; that is, it may have the ame shape 
as seen -frorn either side. Such a symmetrical 
pptental .barrier does net exhibit rectifying prop- 
40 erties. On the other hand, unsymmetrieal bar- 
tiers de exhibit rectifying properties, rïhe re- 
sistance of a potential barrier eau be changed by 
ca..usig charge of sign opposite .te that of the nor- 
mal cariers t0 be introduced ,intpthe region oï 
45 the barrier. The space charge produced b_y the 
introduced charge lowers the barrier and enables 
m0re of t.!l.e normal .cr_rent carriers te pass 
.tr0!gh. Th_u._s, the pre.sence o the charge of op- 
P0S.i.te s_igl  t.le barrier region lowers the eff_e- 
0 rive :resistace er the barrier. 
The varia.t.ion..or modu!a_tn oî the coçt_.ing 
properties of a barrier il! .hi.'s .ranBer s 
in the transistor, In the type A _transi.stm-, u.?:.n.g 
N type germ!!ium, .for ea..m.p!e, the no.m.l .c,- 
 rent carrier $=re ele.c.tro...ns. T!!.e em..itte pon,t 
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introduces holes, which diffuse to the barrier 
existing at the germanium-collector point junc- 
tion and modify the conductivity of the junction. 
In the photo-transistor, visible light or infra-red 
radiation produces hole-electron pairs in the 5 
semi-conductàng crystal. The quantum energy of 
light in the visible and inïra-red is such that not 
more than one electron-hole pair can be pro- 
duced per incident light quantum or photon. If 
the serni-conducting crystal is I7 type for exam- 10 
ple, the holes produced by the irradiation in the 
neighborhood of the metallic point contact can 
migrate into the junction and modulate the con- 
ductàvity of the junction. 
If has also been suggested in the patent of Kock 15 
2,522,521 that the conductivity of an intrinsic 
semi-conductor be moduiated by changing the 
temperature of the semi-conductor, thus pro- 
vided an electrothermal trans.ducer. 
If is the principal object of the present inven- 20 
tion to provide novel signal translating systems 
including a semi-conductor device having a bar- 
fier, such, for example, as a crystal rectifier. 
A further object of the inventîon is to provide 
novel amplifier, oscillator, moduiator, mixer or 
the like systems wherein a semi-conducting de- 
vice haiing a barrier cooperates with an elec- 
tron beam or stream which is defiected in accord- 
ance with a signal fo increase the transcon- 
ductance af the tube by a large factor, thereby 3O 
obtaining high current and power gains. 
Another object of the invention is to provide a 
novel amplifier, signal mixer or oscillator system 
having a current or power gain higher than that 
which may be obtained with a conventional ara- 35 
plifier tube, with a cathode ray tube or with a 
beam defiection tube. 
A still further object of the invention is fo pro- 
vide a signal translating system which has sub- 
stantially no coupling between the input and out- 
put circuits thereof. 
In accordance with the present invention, use 
is made of a defiected electron stream to modu- 
late or vary the effective resistance represented 
by the potential barrier of a semi-conducting ma- 45 
terial. Such a barrier is present, for example, 
in a crystal rectifier which has one electrode in 
low-resistance contact with the body and an- 
other electrode in rectifying contact therewith. 
Such a barrier is also present in the boundary 5O 
region separating a semi-conductor from a metal 
which may serve as an electrode. The metal elec- 
trode may be of malw forms, including that 
represented by a rhin film, a point-contact, or a 
surface contact with a bulk metal and itis imma- 55 
terial whether the junction rectifies or hot. Such 
a barrier is also present in the region of a crystal 
grain boundary, and may also be present in any 
region which differs in structural form from the 
bulk material. 6o 
The electron stream or beam îs caused fo im- 
pinge on the semi-conductor in the neighbor- 
hood of the potential barrier Each primary 
electron, in penetrating the semi-conductor, loses 
ifs energy, and produces a great many electron- 65 
hole pairs. The actual number of electron-hole 
pairs or secondaïy païticles pïoduced per inci- 
dent primary electron depends upon such factors 
as the primary energy af the beam and the semi- 
conductor material used. If the potontial barrier 7O 
exists mainly near the surface, such as that ata 
metallic point semi-conductor junction, an elec- 
tron beam would be used with energy so adjusted 
that the major part of the energy loss of the beam 
would occur near the surface bander. 75 

4 
For the sake of illustration, let if be assumed 
that the semi-conductor is N type. Then the 
electrons and holes produced will both contribute 
fo the conductivity of the region where they are 
produced and migrate by increasing the number 
of available current carriers in these ïegions. In 
addition, the holes will migrate into the potential 
barrier, and, as described previously, moduiate 
the conductivity of the barrier. Thus, by direct- 
ing the electron beam to impinge in the neighbor- 
hood of the potential barrier, the conductivity of 
the semi-conductor is modulated in two distincS 
ways: first, by increasing the number of available 
current carriers, and, secondly, by modifying the 
space charge existing af the potential barrier 
and therefore modulating ifs effective height. 
Thus, the electron beam, by modulating the 
conductivity if the semi-conductor, can modu- 
late the current passing ttn'ough the semi-con- 
ductor. The electron beam itselî is modulated 
by defiecting if with respect fo the region of the 
potential barrier. It will be evident that such a 
system may be utilized in an amplifier, modu- 
lator, mixer, or oscillator circuit. 
The novel features that are considered char- 
acteristic of this invention are set forth with 
particularity in the appended claires. The in- 
vention itself, however, both as to its organization 
and method of operation, as well as additional 
objects and advantages thereof, will best be 
derstood from the following description when 
read in connection with the accompanying 
drawing, in which: 
Figure i is a sectional view and circuit diagram 
of an amplifier or modulator system in accord- 
ance with the present invention including a beam 
deflection tube; 
Figure 2 is a graph showing the current gain of 
the device of Figure 1 as a function of the beam 
deflection; 
Figure 3 is a side elevational view taken in the 
direction of arrows 3, 3 in Figure 1 of the target 
of the deflection tube of Figure 1; and 
Figure 4 is a sictional viiw and circuit diagram 
of a modified amplifier, oscillator or signal mix- 
ing system embodying the present invention. 
Referring now to the drawing, in which like 
componints havi biin disignated by the saine 
reference numerals throughout the figures, and 
particularly to Figure 1, there is illustrated a sig- 
nal translating system including a semi-conduc- 
tor device l0 which may, for example, be a crystal 
rectifier. Device l0 includes a semi-conducting 
body ! ! which may consist of any suitable semi- 
conducting crystal such, for example, as silicon 
or preferably germanium. As is conventional for 
a crystal rectifier, the device ! {} has two electrodes 
|2 and 13. Electrode |2 is in low-resistance con- 
tact with crystal ! ! and may, îor example, con- 
sist of a plate or sheet of metal or end of a metal- 
lic rod soldered fo the crystal. Electrode 3 is in 
rectifying contact with crystal I| and may, for 
example, be a point electrode. Thus, electrode 
may consist of a fine wire of tungsten or phosphor 
bronze, for example, having a sharp point in con- 
tact with the crystaL As shown in Figures 1 and 
3 rectifying electrode 3 may also be in line con- 
tact with the crystal. As shown particularly 
Figure 3 rectifying electrode  preferably con- 
sists of a fine wire which extends in a substan- 
tially straight line across the width of the upper 
surface of crystal ! . 
In accordance with the present invention crys- 
tal rectifier 0 represents the target for an elec- 
tron beam. To this end crystal rectifier f0 is en- 



closed in an evacuated envelope 15 within which 
is provided a cathode ray tube. The cathode ray 
tube includes a cathode |6 which may be indirect- 
ly heated by a filament | 7, a control grid | 8 and 
a first anode or focussing electrode 2[}. Grid |8 
preferab]y bas a rectangular aperture fo passa 
beam of substantial]y rectangular cross section. 
The beam may then be focussed by the first 
auode 2t} and deflected by a first pair of defiection 
plates 2 J, 2 . A screen or shield 22 with a rectan- 
gular aperture is interposed between the first pah' 
of defiection plates - | and a second pair of deflec- 
tion plates 23, 23. The detai]s of construction of 
such a beam defiection mixer tube may be ob- 
tained from a paper by Herold and Mueller which 
appears in the loEay, 1949 issue of "Electronics," 
pages 76-80 and which is entitled "Beam Defiec- 
tion Mixer Tubes for UITF." If is well known that 
such beam defiection tubes are particularly ad- 
vantageous at high and ultra-high frequencies 
due fo their large transconductance. In the de« 
vice of the present invention the aiready large 
transconductance of a beam defiection tube is 
multiplied by the very high current multiplica- 
tion which may be obtained in accordance witb 
the invention. 
Cathode 16 ïnay be grounded as shown. A 
battery 24 may be provided to supply the acceler- 
ating potentials for the defiection tube. Poten- 
tiometer resistor 2 is connected across battery 
24 and an intermediate tap 26 on resistor 2 may 
be grounded. Grid  8 is maintained ata negative 
potential by tap 27. The first anode 2} is main- 
tained ata positive potential by tap 28. One of 
the flrst pair of defiection plates 2|, 2| may be 
grounded. Shield 22 is maintained ai a positve 
potential by tap 3 on resistor 2 which, however, 
is less positive than that of first anode 2. One 
of the second pair of defiection plates 2, 23 nay 
also be grounded, lectifying electrode t3 is 
maintained ai a high positive potential by tp 
 on resistor 2. The two e!ectrodes |2 and 8 
are connected through battery  and ioad resis« 
for 3. The output signal may be obtained from 
output terminals 4 which are coupled across 
load resistor 8 by coupling capacitors $ and G. 
A first sina! is impressed on one of the defiec- 
tion plates 2 , 2 | by a signal source 38. A second 
signal which may be developed by oscillation gent 
erator 46 is impressed on one of the second pair 
of defiection plates 28, 28. If is, of course, to 
be understood that instead of impressing an os« 
cifiatory wave on defiection plates 2, 2 a second 
signal may be impressed thereon so as to mix the 
two signals impressed on defiection plates 2 | and 
The operation of the frequency converter of 
Figure 1 may best be exp]ained by reference to 
Figure 2. Curve 2 of Figure 2 indicates the cur- 
rent gain of the device of Figure 1 with respect 
to the distance of the electron beam from recti- 
fying electrode 3. It will be observed that at a 
distance of 5 mils from either side of rectifying 
electrode  8, the current gain is substantially zero. 
Lines ,8 indicate the reduction of the current 
gain which is caused when the electron beam im- 
pinges on electrode |3. If electrode 3 should 
be a point electrode of negligible area with re- 
spect to the area of the electron beam, the gain 
of the device of Figure 1 wfll substantially fol- 
low the dotted curve . 
The current fiowing through output load resis- 
tor 3 is accordingly deermined by the distance 
of the electron beam frein rectifying electrode | . 
This distance in turn is a function of the signal 

dev.eloped by source 8 and of that deyeloped by 
generator 4}. Thus the device of Figure 1 may 
be used as a frequency converter or signal mixer. 
It wfll be observed that curve 2 is n0n-linear 
5 which is essential to obtain signal mixing or fre- 
quency conversion. 
As pointed out hereinabove the resistance rep- 
resented by a barrier in a semi-conducing body is 
modulated in accordance with the present in- 
10 vention. Such a barrier may be obtained not 
on]y in a crystal rectifier such as illustrated, but 
also by a semi-conducting body having a distinct 
Iq zone and a P zone which are separated from 
each other by a barrier. 
]5 In accordance with the invention a source of 
bias voltage such as battery 2 is connected-be 
tween the electrodes |2 and | of crystal recti- 
fier |. If is to be uuderstood, however, that 
rectifying electrode 13 may be ruade either posi- 
20 tire or negative. 
The device of Figure 1 as described herein unc- 
tions as a converter or signal mixer and its op- 
eration is believed to be as follows. For the fol- 
lowing discussion it will be assumed that crystal 
25 || is of the lkî type and may be an N type 
germanium crystal. Furthermore, if will be as- 
sumed that rectifying electrode | is negative 
with respect fo the low-resistance electrode |2. 
The rectifier is accordingly biased in the reverse 
30 or back direction. In order to bias the crystal 
in the forward direction, the rectifying electrode 
I-3 should be positive with respect fo the low-re- 
sistance electrode | 2. If crystal | | were a P type 
crystal, the rectifying electrode | must be posi- 
35 tire or negative to bias the rectifier respectively 
in either the reverse or the forward direction. 
The e!ectron beam developed in tube |$ im- 
pinges in the immediate vicinity of rectifying 
electrode |3 and creates infernal secondary elec- 
40 trons in crystal | | and an equal number of holes 
which may be considered as charge carriers hav- 
ing a positive charge and a mobility slightly less 
than that of the electrons in the crystal. If bas 
been round that an electron beam having a volt- 
45 age of 10,000 votts will create approximately 1000 
pairs of electrons and holes. Some of the excess 
electrons induced or created by the electron beam 
are dissipated rapidly over the electrical circuit. 
The holes start to travel in the direction of 
50 the electric fleld, that is, they are attracted by 
the negatively biased rectifying electrode |. 
The holes accordingly form a space charge cloud 
which surrounds itself with negative charge car- 
tiers, that is, electrons to maintain statisticat 
55 neutrality over a relatively large volume of the 
solid. It will be understood t'bat both excess 
electrons and excess holes create excess conduc- 
tivity. 
The holes which drift with the electricat field 
6O eventually arrive in the barrier layer which exists 
in the crystal rectifier  0 so çhat a positive charge 
is provided ai the barrier. As explained herein- 
belote, it is believed that this positive charge re« 
duces the barrier height which in turn permits 
65 more electrons to pass through the lowered po- 
tential of the barrier. Eentually the holes are 
collected by the rectifying electrode |. Thus, 
the lowering of the barrier height caused by the 
hotes wfll permit an additional multiplication of 
7O the current which is similar to the secondary 
photo eff.ect above referred fo. 
It wfll now be obvious why if is essential that 
the primary electron beam impinges in th¢ im- 
mediate vicinity of the rectifying ele¢trode 
75 Thus, if the holes created i.n the çrystal a.e-no 
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close fo the rectiîying electrode, they will notbe 
able fo more into the barrier. 1evertheless, since 
the holes stilI travel a certain distance deter- 
mined by the recombination rime and by their 
mobflity, they will still be able to induce a cur- 
rent, but the additional current multiplication 
caused by the lowering of the barrier is not pres- 
ent if the holes cannot reach the barrier. 
The explanation of the operation of the de- 
vïce of Figure 1 will be similar if the crystal ! ! ïs 
of the P type. In that case, the îunction of the 
holes and electrons is reversedç Otherwise, the 
current multiplication for a P type crystal is sub- 
stantially the saine as that ïor an lV type crystal. 
However, the frequency resporse of a P type 
rectifier is slightly better than for an lV type 
rectifier because the current flow ir a P type 
rectifier is essentially due to the electrons which 
bave a slightly higher mobility than the holes. 
For maximum current multiplication the volt- 
age of battery 32 should be of the order of 10 
volts. When rectifying electrode !3 is biased in 
the back or reverse direction, the current multi- 
plication is higher than if the rectifying electrode 
were biased in the forward direction. For a 
smaller bias voltage the current multiplication 
is reduced. 
The electron beam may bave any accelerating 
voltage below an upper limit which is determined 
by that of an electron beam having such a high 
accelerating voltage that it will cause changes 
of the crystal lattice as explained hereinbefore. 
This is due to collisions of the beam electrons 
with the lattice atoms or molecules which pro- 
duce lattice defects. These give fise fo the saine 
effects as does a change oï the impurity concen- 
trations. An electron beam having an accelerat- 
ing voltage of the order of 50,0,000 volts or more 
wifi cause changes of the crystal lattice of a 
germanium crystal. For crystals of different 
materials, the minimum accelerating voltage of 
the electron beam which will cause lattice changes 
will, of course, have different values. 
If may also be pointed out that when the ve- 
locity of the primary beam becomes too high, the 
specific ionization of the electrons is smaller than 
that of the electrons of a beam having a lower 
velocity. When the primary electron beam bas 
too high an energy, it penetrates very ïar into 
the crystal so that not enough pairs of holes and 
electrons are created in the immediate vicinity 
of the barrier. Accordingly, the carrent multi- 
plication decreases when the accelerating volt- 
age of the primary beam exceeds an optimum 
value. 
With a primary electron beam having a cur- 
rent oî 0.05 microampere and a voltage of 10,000 
volts, an output current multiplication of 20,000 
bas been observed experimentally. When the 
primary beam bas a still higher accelerating 
voltage and a lower beam current, output cur- 
rent multiplications as high as 50,000 bave been 
obtained. The primary beam currents which 
were used experimentally are between .001 micro- 
ampere and .5 microampere. For these primary 
beam currents, the output carrent obtained across 
load resistor 33 was between 50 microamperes 
and 5 mAlliamperes. The accelerating voltage of 
the primary beam which has been used experi- 
mentally was of the order of several kilo- 
volts. 
The upper frequency limit of the device oï Figure 
1 is determined by the transit rime dispersion or 
spread of the primary electron beam and par- 
ticularly by the transit rime dispersion of the 

electrons and holes creatéd in crystal !!. The 
experimental evidence indicates that the upper 
frequency limit of the device of Figure 1 is above 
10 megacycles and that if has a fiat response 
least up te a frequency of 10 megacycles. 
Figure 4 illustrates a modified beam deflection 
tube in accordance with the present invention. 
The tube of Figure 4 may, for example, be used 
as an amplifier. Accordingly, the second pair 
10 of deflection plates 23, 23 and the shield 22 of 
the tube of Figure 1 are superfiuous and may, 
therefore, be omitted. In that case, the output 
signal obtained frein output terminals 34 is an 
amplified version of the signal developed by 
15 signal source 38. 
The tube of Figure 4 may also be used as an 
oscillator. Te this end, a pair of taps 
are provided on the output load resistor 33 and 
are connected te the terminals of a paral]el res- 
20 onant circuit 8 which is magnetically coup]ed 
with a coil  provided between one of the de- 
flection plates 2 and the signal source 8. Thè 
signal source 33 may atso be omitted. If the 
tube of Figure 4 is used in this manner, a per- 
25 tion of the output eneïgy is fed back through 
parallel resonant circuit 48 and coil 58 into de- 
fiection plates 2!, 2!. The tube of Figure 4 will 
accordingly oscitlate at the frequency te wh!ch 
parallel resonant circuit 48 is tuned. 
30 The tube of Figure 4 may also be used for the 
purpose of signal mixing. In that case, taps 
4, resonant circtfit 48 and coil  may be 
omitted. A signal generator 2 which may a!so 
be an oscillation generator may be provided in 
35 series with battery 2 and output load resisgor 
33. In that case, the output signal contains 
both the signal deve]oped by source 3 and 
developed by generator 2. It witl be understood, 
however, that if the signal generator or oscifia- 
40 tion generator .2 is provided in the output cir- 
cuit as shown in Figure 4, it must devetop a 
higher signal voltage because its signal voltage 
is mixed with the signal developed by source 
and amplified by the tube of Fgure 4. 
45 The device of the invention may be considered 
essential]y as a carrent amplifier. If may be 
applied particutarly where secondary electron 
multipliers are new used. It has the advantage 
of greater simplicity and it requires but a sma]l 
50 bias voltage, yet has a very large current gain 
which, when a high velocity primary e]ectron 
beam is used, is comparable te that which may 
be obtained frein a ten stage electron multiplier. 
It may be used wherever beam deflection tubes 
55 are utitized. It has the advantage that its gain 
is a product of the transconductance of the beam 
defiection tube and the current multiplication 
obtained in the cstal rectifier. Furthermore, 
there is no inherent coupling between the input 
60 and output circuits. 
What is claimed is: 
1. A signal translating system comprising a 
semi-conducting body, a first e]ectrode in low- 
resistance contact with said body, a second elec- 
65 trode in rectifying contact with said body, means 
for developing an electron beam and directing 
if te impinge on said body in the vicinity oî said 
second electrode, means for defiecting said beam 
across said body in accordance with a signal, a 
70 source oî voltage and a load impedance element 
connected serialiy between said electrodes, and 
means for deriving an amplified output signal 
across said load impedance e]ement which is 
representative of said signal. 
75 2. A signal modulating system comprising a 
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semiconducting ,body having a first and a sec- 
ond surface, a first electrode in low-resistance 
contact with the first surface of said body, a 
second electrode in rectifying contact with the 
second surface of said body, means for develop- 
ing an electron beam and directing if toward 
said second surface, means for defiecting said 
beam across said surface in accordance with a 
first signal, means for simultaneously defiecting 
said beam across said second surface in accord- 
ance with a second signal, a source of voltage 
and a load impedance element connected serially 
between said electrodes, and means for deriving 
an amplified output signal across said load 
pedance element which is representative of said 
rst and second signal. 
S. A signal translating s,stem comprising a 
semi-conducting body having a first and a sec 
ond surface, a first electrode in low-resistance 
contact with the first surface of said body, a 
second electrode in rectifying contact with the 
second surface of said body, said second electrode 
being in line contact with said second surface 
and extending in a substantially stra.ight lime 
across the width of said second s'rface, means 
for developing an electron beam oî substantially 
rectangular cross section and directing if toward 
said second surface and substantially parallel 
fo said second e!ectrode, means for defiectin 
said beam across said surface in accordance 
with a signal, a source of voltage and a load im 
pedance element connected serially between said 
electrods, and means for deriving an amplified 
output signal across said load impedance element 
which is representative of said signal. 
4. A signal modulating system comprising 
semi-conducting body havin a first and a sec- 
ond surface, a first electrode in low-resistance 
contact with the first surface of said body, a sec- 
ond electrode in rectifying contact with the sec 
ond surface of said body, said second electrode 
being in line-contact with sid second surface and 
extending in a substantially straight line across 
the width of said second surface, means for 
veloping an electron beam of substantially rec- 
tangular cross section and directing it toward said 
second surface and substantially parallel to said 
second electrode, means for defiecting said beam 
across said surface in accordance with a first sig- 
nal, means for simultanecusly defiecting said 
beam across said second surface in accordance 
with a second signal, a source of voltage and a 
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load impedance element connected serially be- 
tween said electrodes, and means for deriving an 
amplified output signal across said load imped- 
ance element which is representative of said first 
 and second signal. 
5. An oscillator system comprising a semi-con- 
ducting body having a first and a second surface, 
a first electrode in low-resistance contact with the 
first surface of said Body, a second eIectrode in 
10 rectifying contact with the second surface o.f said 
body, means for developing an electron beam 
and directing if toward said second surface, a 
source of voltage and a load impedance element 
connected serially between said electrodes, means 
15 for deriving a signal across said load impedance 
element, and means for defiecting said beam in 
accordance with said signal. 
6. An oscillator system comprising a semi-con- 
ducting body havin a first and a second sur- 
20 face, a first electrode in low-resistance contact 
with the first surface of said body, a second elec 
trode in rectifying contact with the second sur- 
face of said body, said second electrode being in 
line contact with said second surface and ex- 
2 tendin in a substantially straight line across the 
width of said second surface, means for develop- 
ing an electron beam of substantially rectangular 
cross sectior and directing if toward said second 
surface and substantially parallel fo said second 
30 electrode, a source .of voltage and a load im- 
pedance element connected serially 'between said 
e]ectrodes, means for driving a signal across said 
!oad impedance element, and means for deflect- 
in said beam in accordance with said signal. 
 7. A system as defined in claire 1 wherein a sig- 
nal generator is provided in series .with said source 
of voltage and said load impedance element. 
8. A system as defined in claire 3 wherein a sig- 
nal generator is provided in series with said source 
4o of voltage and said load impedance element. 
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